The genus Conexibacter was proposed by Monciardini et al. [1] and contained a single species, Conexibacter woesei, that belonged to a deeply branching line of descent within the class Actinobacteria and was isolated from soil from a wood area in Gerenzano, Italy. Later, the second species Conexibacter arvalis was described with the type strain isolated from soil in a field in Saitama prefecture, Japan [2] . Members of the genus Conexibacter are aerobic, Gram-positive, non-sporulating, catalase-and oxidase-positive, motile rods and characterized by the presence of meso-diaminopimelic acid (DAP) in the cell-wall peptidoglycan, MK-7(H 4 ) as the major respiratory quinone, phosphatidylinositol as the major polar lipid and DNA G+C content of 71 mol% [1] . During an investigation of bacterial diversity in a lava cave, many strains were isolated from pieces of stalactites. In this investigation, the taxonomic status of a Conexibacter-like strain, designated YC2-25 T , is described by a polyphasic approach, and a new species is proposed, Conexibacter stalactiti sp. nov.
Strain YC2-25
T was isolated from pieces of stalactites collected 50 m below the entrance of the Yongcheon Cave (33 32¢ 55.2 † N, 126 46¢ 42.4 † E) in Jeju, Republic of Korea, which is not open to the public. For bacterial isolation, about 0.5 g of stalactites piece was crushed with a pestle and suspended in distilled water. The suspension was mixed for 30 min in a tube rotator and allowed to settle. After serial dilution with distilled water, 100 µl of each supernatant was spread on starch-casein agar (1 % soluble starch, 0.03 % casein, 0.2 % KNO 3 , 0.2 % NaCl, 0.2 % KH 2 PO 4 , 0.002 % CaCO 3 , 0.005 % MgSO 4 Á7H 2 O, 0.001 % FeSO 4 Á7H 2 O and 1.8 % agar; pH 7.2) and the plates were incubated at 30 C for 1 month. Colonies were subjected to consecutive transfer on ISP 2 agar [3] and the pure culture was preserved in 20 % (v/v) glycerol at À20 C and À80 C as well as lyophilized cells. Growth of strain YC2-25 T was examined on ISP 2 agar, trypticase soy agar (TSA; Difco), nutrient agar (NA; Difco) and R2A agar (Difco). For phenotypic comparison and DNA-DNA hybridization studies, C. arvalis DSM 23288 T and C. woesei DSM 14684 T were grown on TSA at 28 C.
Morphological and cultural characteristics were examined after incubation on TSA for 14 days at 28 C. Cell morphology and flagella were observed by using a field emissionstereoscan electron microscope with an STEM detector (SUPRA 55VP; Carl Zeiss) after staining cells with 2 % uranyl acetate. Gram stain, oxidase and catalase activities were determined as described previously [4] . Growth at different temperatures (4, 10, 20, 30, 37 and 40 C), pH 4-10 (intervals of 1 pH unit) and 1-9 % (w/v) NaCl (intervals of 1 % unit) were observed after incubation on ISP 2 agar for 14 days at 28 C. Acid production from various substrates, enzyme activities and other physiological properties were tested by using API 50CH, API ZYM and API 20NE systems (bioM erieux) according to the manufacturer's directions, respectively. For data recording, the strips were incubated at 28 C for 14 days (API 50CH), 37 C for 2 days (API ZYM) and at 28 C for 4 days (API 20NE). For these tests, the inoculation sources of strain YC2-25 T , C. arvalis DSM 23288 T and C. woesei DSM 14684 T were prepared with cells grown on TSA for 14 days at 28 C. Each API system was tested twice with cultures independently prepared. The cells of strain YC2-25
T were Gram-positive, strictly aerobic, non-sporulating, oxidase-positive, catalase-positive, motile, short rods (0.5Â0.8-0.9 µm) (Fig. S1 , available in the online Supplementary Material). Colonies were cream to light yellow in colour, circular, smooth, convex and 0.3-1 mm after incubation on TSA for 14 days at 28 C. Good growth occurred on TSA and ISP2 and was moderate on R2A and NA. The other physiological and biochemical characteristics are given in Table 1 and the species description.
Biomass for chemotaxonomic analyses was prepared from cells harvested after cultivation in ISP 2 broth for 7 days at 30 C at 170 r.p.m. Respiratory quinones were extracted and purified according to the method of Collins [5] and separated by high-performance liquid chromatography (HPLC) with a Thermo ODS Hypersil column (200Â4.6 mm) as described previously [6] . Polar lipids were extracted and separated by two-dimensional thin-layer chromatography (TLC) according to the method of Minnikin et al. [7] and identified by comparison with authentic standards and by using several spray reagents specific for different functional groups: molybdophosphoric acid (specific for all lipids), ninhydrin (for lipids containing amino group), molybdenium (for phosphorous-containing lipids) and a-naphthol (for glycolipids). The presence of mycolic acids was examined by one-dimensional TLC [8] . Isomers of diaminopimelic acid (DAP) in cell-wall peptidoglycan were determined by TLC using whole-cell hydrolysates [9] . For determination of fatty acid composition, strain YC2-25 T , C. arvalis DSM 23288 T and C. woesei DSM 14684 T were grown on TSA for 14 days at 28 C. The preparation and analysis of fatty acid methyl esters was performed by gas chromatography according to the instructions of the Sherlock Microbial Identification System (MIDI; version 6.1), using the TSBA 6 database.
The cell-wall peptidoglycan of strain YC2-25
T contained meso-DAP as the diagnostic diamino acid. The predominant menaquinone was MK-7(H 4 ). The polar lipids of strain YC2-25
T comprised diphosphatidylglycerol, phosphatidylinositol, two phospholipids and four lipids (Fig. S2 ), while C. arvalis DSM 23288 T and C. woesei DSM 14684 T were reported to contain phosphatidylinositol and a phospholipid [1, 2] . The differential pattern of the polar lipid of strain YC2-25
T from those of two Conexibacter species was found by the presence of diphosphatidylglycerol in the extract of the novel isolate.
The fatty acid profile of strain YC2-25 T was characterized by large amounts of saturated and unsaturated fatty acids and moderate amounts of iso-and anteiso-branched fatty acids, with C 18 : 1 !9c (35.3 %) as the major fatty acid. The cellular fatty acid profiles of C. arvalis DSM 23288 T and C. woesei DSM 14684 T , which were determined by this concurrent analysis, were similar to that of strain T in that they also contained C 18 : 1 !9c as the major fatty acid. These results contrast with those previously reported [1, 2] in that T ; 3, C. woesei DSM 14684 T . All data taken from this study, unless otherwise indicated. All of the strains were aerobic, Gram-positive, oxidase-and catalase-positive, motile rods and found to grow at 10-30 C, pH 6-9 and 1 % (w/v) NaCl. They were positive or weakly positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase but negative for valine arylamidase, cystine arylamidase, trypsin, a-cymotrypsin, a-galactosidase, bgalactosidase, a-glucosidase, N-acetyl-b-glucosamidase, a-mannosidase and a-fucosidase (API ZYM). Gelatin hydrolysis was observed but not for indole production, glucose fermentation, arginine dihydrolase and urease in any of strains (API 20NE). All of the strains showed acid production from glycerol, ribose, glucose, rhamnose, trehalose, Dfucose and 5-ketogluconate but not from erythritol, L-arabinose, adonitol, methyl-b-D-xyloside, fructose, sorbose, dulcitol, sorbitol, methyla-D-mannoside, methyl-a-D-glucoside, N-acetyl-glucosamine, arbutin, salicin, maltose, lactose, melibiose, sucrose, inulin, melezitose, raffinose, starch, glycogen, xylitol, turanose, D-lyxose, D-tagatose, L-fucose, D-arabitol, L-arabitol, gluconate and 2-ketogluconate (API 50CH). +, Positive; -, negative; w, weakly positive, DPG, diphosphatidylglycerol; PI, phosphatidylinositol, PL, phospholipid; L, lipid.
Characteristic 1 2 3
Growth at:
Production of: For determination of DNA G+C content and DNA-DNA hybridization studies, genomic DNA was isolated according to the method of Hopwood et al. [10] . The G+C content of genomic DNA was determined by reverse-phase HPLC [11] . DNA-DNA hybridization (DDH) experiments were fluorometrically conducted as described by Ezaki et al. [12] with five replications for each DNA pair. The percentage of DDH was quoted as an average of the remaining scores after exclusion of highest and lowest scores. The 16S rRNA gene sequence of strain YC2-25 T was determined by SolGent (Daejeon, Republic of Korea), with the PCR products amplified from genomic DNA and compared with those of related taxa available from
Eztaxon-e server [13] . The sequences were aligned using the program CLUSTAL_X [14] . A phylogenetic tree was constructed using the neighbour-joining method [15] , with evolutionary distances calculated using the model of Jukes and Cantor [16] . The reliability of the tree topology was assessed by bootstrap analysis with 1000 replicated datasets [17] . Phylogenetic analyses were also performed using the maximum-likelihood [18] and maximum-parsimony [19] methods.
The nearly complete 16S rRNA gene sequence (1443 nt) of strain YC2-25 T was compared with the related sequences of members of the order Solirubrobacterales [20] . A neighbour-joining tree (Fig. 1) based on 16S rRNA gene sequences indicated that strain YC2-25
T was closely related to members of the genus Conexibacter. The topology of the tree was maintained by the maximum-likelihood and maximum-parsimony treeing algorithms. Based on pairwise calculations of 16S rRNA gene sequence similarity [13] , the closest relatives of strain YC2-25 T were C. woesei (99.0 % sequence similarity) and C. arvalis (98.8 %). Levels of the 16S rRNA gene similarity to other taxa of the order Solirubrobacterales were 93.1-94.80 % (with members of the genus Solirubrobacter), 92.5-93.3 % (the genera Bactoderma and Patulibacter) and 90.2-90.3 % (the genus Thermoleophilum). The DNA G+C content of strain YC2-25 T was 70.3 mol% as determined by HPLC [11] . The percentage values of DNA-DNA hybridization between strain YC2-25
T and the type strains of the species C. arvalis DSM 23288 T and C. woesei DSM 14684 T were 66 and 62 %, respectively, revealing that strain YC2-25
T constitutes a nucleus of a different species [21] . Differential characteristics between strain YC2-25
T and the type strains of the species C. arvalis DSM 23288 T and C. woesei DSM 14684 T are given in Tables 1 and 2 . The new isolate is clearly differentiated from both type strains of the genus Conexibacter in that it showed acid production from galactose, amygdalin and cellobiose, possessed the enzyme activity of b-glucosidase and grew at pH 4 but did not grow at 37 C and 2 % (w/v) NaCl. Strain YC2-25 T is further distinct from C. arvalis DSM 23288 T and C. woesei DSM 14684 T by the presence of iso-C 19 : 0 , C 15 : 1 !5c and C 18 : 1 !7c in the fatty acid profile.
On the basis of the results of the phenotypic, DNA-DNA hybridization and phylogenetic analyses, strain YC2-25 T represents a novel species of the genus Conexibacter, for which the name Conexibacter stalactiti sp. nov. is proposed.
EMENDED DESCRIPTION OF THE GENUS CONEXIBACTER MONCIARDINI ET AL. 2003
The characteristics of the genus Conexibacter are as described by Monciardini et al. [1] , with the following modifications. The diagnostic phospholipid is phosphatidylinositol. The presence of diphosphatidylglycerol is variable depending on the species. The predominant fatty acid is C 18 : 1 !9c. The G+C content of the DNA is 70-74 mol%. 
DESCRIPTION OF CONEXIBACTER STALACTITI SP. NOV.
Conexibacter stalactiti (sta.lac.ti¢ti. N.L. gen. n. stalactiti of a stalactite, referring to the sample from which the type strain was isolated).
Cells are Gram-positive, strictly aerobic, non-sporulating, oxidase-positive, catalase-positive, motile, short rods (0.5Â0.8-0.9 µm). Colonies were cream to light yellow in colour, circular, smooth, convex and 0.3-1 mm after incubation on TSA for 14 days at 28 C. Good growth occurs on TSA and ISP2 and moderate on R2A and NA. Growth occurs at 10-30 C (optimum, 30 C), pH 4-9 (optimum, pH 7) and 1 % (w/v) NaCl. Nitrate is not reduced to nitrite. Gelatin hydrolysis and aesculin degradation are observed. Enzyme activities for esterase lipase (C8), acid phosphatase and b-glucosidase are positive. Alkaline phosphatase, esterase (C4), leucine arylamidase, and naphthol-AS-BI-phosphohydrolase and b-glucuronidase are weakly positive.
Acid is produced from glycerol (weak), D-arabinose, ribose (weak), galactose (weak), glucose, mannose, rhamnose, amygdalin (weak), cellobiose, trehalose, gentibiose (weak), D-fucose and 5-ketogluconate. Other physiological and biochemical properties are given in Table 1 . The cell-wall peptidoglycan contains meso-DAP as the diagnostic diamino acid. The predominant menaquinone is MK-7(H 4 ). Mycolic acids are absent. The polar lipids comprise diphosphatidylglycerol, phosphatidylinositol, two phospholipids and four lipids. The major fatty acid is C 18 : 1 !9c. The G+C content of the DNA is 70.3 mol%.
The type strain YC2-25 T (=KCTC 39840 T =DSM 103719 T ) was isolated from pieces of stalactites collected from Yongcheon Cave in Jeju, Republic of Korea. 
